To the Projection of a Peristaltic Slit Pump  by Nekrasov, S.G.
 Procedia Engineering  150 ( 2016 )  506 – 513 
1877-7058 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICIE 2016
doi: 10.1016/j.proeng.2016.07.030 
ScienceDirect
Available online at www.sciencedirect.com
International Conference on Industrial Engineering, ICIE 2016 
To the Projection of a Peristaltic Slit Pump 
S.G. Nekrasov * 
South Ural State University, 76, Lenin Avenue, Chelyabinsk, 454080, The Russian Federation  
Abstract 
The analysis of a peristaltic pump of the slatted type is made, which in contrast to conventional pumps with the working body 
on the basis of elastic hose has no significant limitations on the value of the output pressure and does not pollute the transmittable 
fluid. Flow of an incompressible liquid in a flat gap is considered, the analytical expressions for a flow rate and a differential 
pressure are received. The paper also discusses design features of the motor based on piezoelectric materials as well as the modal 
and dynamic analyses of the proposed design are made, its concrete implementation is shown. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Currently, the peristaltic pumps are widely used in technology [1], the principle of which is based waveformated  
motion of the working body (the hose) in which the transmittable material comes into contact only with the inner 
surface of the hose and not with any moving parts. These pumps have unique properties, as suitable for 
transportation of corrosive, abrasive and other products with solid particles and liquids sensitive to agitation, so the 
task of improving these pumps is up to date. 
It should be noted that the intensive deterioration of the hose prevents operation of the pump in some industries, 
for example, in the medicine industry, as a hose material pollutes the fluid and the outlet pressure of the pump is 
limited to the strength properties and the elastic hose may not be enough in most applications. 
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Obviously, if you replace the flexible hose of an elastic cylinder made of metal and provide waveformated motion 
of its surface, the working body of the pump will be almost perpetual, and the magnitude of the output pressure will 
be limited to only the design and operational features of the engine, which in this case must be performed on the 
basis of piezoelectric materials. Small amplitude of oscillations of the working surface of the piezoelectric motor 
(vibration motor) defines the small value of gap (gap), which is implemented waveformated motion. This imposes 
more strict demands on the composition and properties of the pumped liquids and makes a natural limitation on the 
capacity of the pump per cycle of oscillation, which, however, can be reused to compensate for a corresponding 
increase in operating frequency. 
2. The increase in pressure and flow in a thin layer of incompressible fluid 
 
Fig.1. The gap with waveformated surface. 
We consider the problem of the planar flow of viscous incompressible fluid in an incompressible thin layer of 
infinite width, enclosed between a flat moving surface 1 (fig.1) immobile and 2, forming a longitudinal running 
wave in the direction of the coordinates x. To describe the motion of the medium we apply the Reynolds equation in 
the form of pressure [2]: 
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where P  is the instantaneous pressure in the layer ( 0P  – the ambient pressure).  
The gap function will describe the following two expressions: 
 ^ `1 0 01 cos /h h E t x VZ  ª º¬ ¼ ,  (2) 
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in which h0 is the mean value of gap (fig.1), 0 0/E E h is the dimensionless amplitude of the running wave,   
2Z SZ  is the circular frequency of the moving wave; Ȟ – circular frequency normal gap fluctuations (Ȧ<<Ȟ),  
V OQ  – the velocity of the running wave, Ȝ is the wavelength. Gap function h1 (2) describes the process of 
kinematic excitation of the liquid layer waveformated motion  of the running wave type, and the function h2 (3) – 
layer with the fluctuations modulated by the running wave, i=1,2 (the author proposed invention the reference node 
with the wave of the form h2 [3], which facilitates the task of designing). 
Proceed to dimensionless parameters 0 0/ , / ,i iP H h h  P P  , /t x xW Z O   , which allows to obtain the 
following equation for the pressure distribution: 
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where  
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1 01 cos 2H E xS W     (6) 
   2 01 cos 2 cos 2 /H E xS W SWQ Z     (7) 
Boundary conditions for pressure:  
P=1, at 0x  ;    P=Pn, at x L   (8) 
and /L L O  – dimensionless length of the layer.  
The solution we will make for the layer thickness, defined by the expression h2 (3), and the result for the layer h1 
will receive in the form of a special case, assuming the frequency ®ė0.  We will integrate with x equation (4) and 
substitute the result into the expression for the time derivative and the dimensionless gap H2 (7): 
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 (9) 
Here C2 is a constant flow rate, defines the average of fluctuations in the mass flow rate of the fluid 
1
20g
G k C dW ³   (10) 
To obtain expressions for the pressure distribution we will integrate with x the expression (9): 
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where there are the following notations: 
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The constant C1 and C2 are determined from boundary conditions for pressure (8): 
1 1C   
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We consider the case when the length of the layer is divisible to the length of the running wave. We assume that 
l=nȜ and so L=n, n=1,2,3,..., and then, after some transformations, we obtain the average flow rate over the period of 
a running wave  
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To estimate the magnitude of fluid flow caused by action of moving wave vibration, we assume Pn=1, then from 
(12) it follows 
2
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Fig. 2. Dimensionless flow rate, average during fluctuations, in a layer with the modulated running wave (a) Ȟ/Ȧ=5 and (b) Ȟ/Ȧ=10. 
 
Fig. 3. (a) Pressure drop ǻP (G=0, n=3) a layer with the running wave and (b) with the modulated running wave. 
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We can assess the possibility of medium with vibrations modulated running wave as compression, we need to put  
2 0G  ,  then from (16) we can find the magnitude of the pressure drop: 
2
2 0 1 21 3 / 2nP P E nJ JZ' /    .  (21) 
Similar results for the layer with the moving wave can be obtained by removing high-frequency filling from the 
resulting solution ( / 0Q Zo ): 
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3. The basic results 
Judging by the fluid flow, the medium with a running wave significantly exceed the capability of the medium 
with a moving wave in the presence of vibrations, and with the growth of   it becomes more remarkable (fig. 2). The 
dependence of flow rate  is not represented in the graph because of its obviousness, for example, when Eo=1 value  . 
For pressure drops this advantage is not so obvious (fig. 3). It is noticeable that flow rate does not depend on 
viscosity and, therefore, such a transmission mechanism an incompressible fluid is not associated with the   relative 
motion of its layers. On the contrary, the flow rate   is inversely proportional to the dynamic viscosity of the liquid 
medium and the increasing amplitude of vibration increases  , the reduction  that can be regarded as increasing the 
effective viscosity of the layer and change its vibrorheological characteristics. 
The possibility of using a layer with a running wave as pump is prospective, because from the expressions of flow 
rate (16) and (20), (23) and (25) we see that the flow rate are linearly dependent on the frequency parameter and, 
therefore, increasing the frequency of the running wave, theoretically, arbitrarily large flow rate and pressure drops 
can be obtained. However, cavitation can make liquid compressible that is followed by additional effects [4]. 
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4. The vibration motor of the pump 
 
Fig. 4. The vibroengine from 6 vibroactivators in the form of a disk. 
The most important element of design is the vibration motor, the main purpose of which is to create large 
amplitudes and gradients of the displacements of the active surface in the direction of the moving wave. If you 
implement it in a homogeneous piezoelectric elements in the form of, for example, cylinders, we inevitably face 
with the problem of large wavelengths and therefore, the giant size of the device.  
Therefore, the vibration motor must be compound [3], which allows to determine the length of a running wave 
regardless of the frequency. In fig. 6 a simplified embodiment of a compound engine is shown, it includes six 
vibroactivators (exciters) in the form of a disc placed on a metal roller 1. Each of them contains the terminal 
elements 2 and 4, between which are placed the piezoelectric ring 3 sizes 65 48 5u u   [mm]. Washers 5 are used to 
eliminate the voids on the outer surface of the engine. The electrodes of the rings 3 is served by three-phase voltage 
from the generator 6.  
To obtain large amplitudes of waveformated motion it is advisable to use the radial form of the oscillation 
exciter, for example, as shown in fig. 5 (a) at frequency of 38 kHz, which were obtained from modal analysis of this 
structure. To assess the degree of connection between the vibration exciters, the dynamic analysis of the design 
(Modal Time History), the results of which are shown in fig. 5 (b) and 6. The modal damping ratio with 2% is used. 
The realization of the running wave is enabled in the resonant regime and only one of forms is used, and others are 
always suppressed. Reaction of exciter 4 (fig. 6, a)  are presented and the adjacent 3, 5, 6 (fig. 6, b). 
 
 
Fig.5. (a) Radial forms of fluctuations of the vibroactivator at frequency of 37 [kHz] ; (b) Reaction of a vibrodvigatel to a rectangular impulse 
lasting 0,001 [sec] attached to the vibroactivator 4 (the arrow shows the direction of a wave). 
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Fig. 6. Reaction to a rectangular impulse: (a) reaktion of the vibroactivator 4; (b) reaktion of the vibroactivator 3. 
When applying a rectangular impulse lasting 0,001 [sec] to the vibration exciter 4 (fig. 6, a) can be observed 
within 0,0012 [sec] with transients as an external surface of a disk 4 and on the adjacent disks. We see that the 
amplitude on the adjacent disks in 3...5 times smaller than the disc 4. A similar pattern is observed when excited by 
other vibroactivators. It is enough for realization of a wave on a working surface of the vibroengine. 
5. Conclusion  
The analytical study is proved the increase of pressure and flow in a thin layer of incompressible fluid with 
increasing amplitude and frequency of wave movements in the gap. The obtained results are the upper bound and 
can be considerably less with the appearance of cavitation. The proposed construction compound engine allows 
incarnate in the pump the minimum wavelength which is equal to the length of three exciters in the axial direction, 
which is based on the dynamic analysis of this design.  
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